Abstract: Lesion-symptom mapping is an important method of identifying networks of brain regions critical for functions. However, results might be influenced substantially by the imaging modality and timing of assessment. We tested the hypothesis that brain regions found to be associated with acute language deficits depend on (1) timing of behavioral measurement, (2) imaging sequences utilized to define the "lesion" (structural abnormality only or structural plus perfusion abnormality), and (3) power of the study. We studied 191 individuals with acute left hemisphere stroke with MRI and language testing to identify areas critical for spoken word comprehension. We use the data from this study to examine the potential impact of these three variables on lesion-symptom mapping. We found that only the combination of structural and perfusion imaging within 48 h of onset identified areas where more abnormal voxels was associated with more severe acute deficits, after controlling for lesion volume and multiple comparisons. The critical area identified with this methodology was the left posterior superior temporal gyrus, consistent with other methods that have identified an important role of this area in spoken word comprehension. Results have implications for interpretation of other lesionsymptom mapping studies, as well as for understanding areas critical for auditory word comprehension in the healthy brain. We propose that lesion-symptom mapping at the acute stage of stroke addresses a different sort of question about brain-behavior relationships than lesion-symptom 
mapping at the chronic stage, but that timing of behavioral measurement and imaging modalities should be considered in either case. Hum Brain Mapp 38:2990-3000, 2017.
INTRODUCTION
Current approaches to testing hypotheses about brainbehavior mapping using data from neurologically impaired individuals focus on establishing statistical associations between damaged regions and level of performance on a task or function. Lesioned regions (defined by any parcellation map) may be analyzed as a dichotomous or as a continuous variable [Crinion et al., 2013] . Performance may also be analyzed as a dichotomous or as a continuous variable [Bates et al., 2003; Megalooikonomou et al., 1999] . Results obtained (i.e., which areas are most critical for a particular task or function) are influenced by a number of variables. Variables typically taken into account include the statistical tests selected, variables that are controlled (e.g., total volume of lesion), corrections that are made (e.g., corrections for multiple comparisons), quality of images and normalization, and so on . There are other variables that potentially influence results which are seldom considered in lesion-deficit mapping studies, and these variables will be the focus of this article. One variable is the timing of behavioral testing. In many studies, imaging and/or behavioral testing are obtained at least 6 months after brain damage, when test performance and the lesion are considered "stable." However, it is rarely confirmed that performance is stable. Many people, especially those receiving rehabilitation, show considerable recovery [Baker et al., 2010; Crinion and Leff, 2007; Meinzer et al., 2008] or decline [Levine et al., 2015] many months after stroke. Therefore, different results might be obtained if such patients were tested at 6 months versus longer poststroke. Yet, many studies involve patients with wide ranges of times postonset [Buchsbaum et al., 2011; Dronkers et al., 2004; Schwartz et al., 2009] .
Occasionally, patients are studied at a homogeneous time after stroke onset, usually when they are first admitted to the hospital [Cloutman et al., 2009; Croquelois et al., 2003; Medina et al., 2009; Philipose et al., 2007] . Behavior typically changes rapidly early after stroke, with greatest improvement (or deterioration) occurring across days rather than months, so it is particularly important to study acute patients within a narrow time period. A few studies have shown that changes in perfusion in the first week or so after stroke may account for some of the rapid changes in language performance [Croquelois et al., 2003; Hillis et al., 2001a] . Functional neuroimaging studies show that areas that are activated during performance change from the acute period to later periods, providing evidence of reorganization of structure/function relationships underlying recovery of language [Jarso et al., 2013; Saur et al., 2006; Sebastian et al., 2016] and motor function [Askim et al., 2009; Johansen-Berg et al., 2002; Schaechter et al., 2002] . An advantage in studying acute patients is that there has been little time for reorganization of structure-function relationships, so there may be less variability in lesion-deficit associations [Ochfeld et al., 2010] .
Another important consideration, particularly in the acute stage, is that the deficits observed may be due to hypoperfused, dysfunctional tissue surrounding the infarct, as well as the infarct [Hillis et al., 2005; Motta et al., 2015; Olsen et al., 1986] . For example, Figure 1 shows the scans of a patient with severe aphasia and right-sided weakness, despite minimal infarct (left), which can be accounted for by the extensive area of hypoperfusion seen on perfusion-weighted imaging (PWI, right). Therefore, whether one uses only structural imaging (e.g., diffusion weighted imaging, DWI, which is most sensitive to acute infarct) or also perfusion imaging (which reveals the area of hypoperfused tissue) to define the "lesion" may influence results.
Finally, results are substantially influenced by the power of the study-the effect size, as well as the number of patients (with more observations aiding our ability to detect effects) and distribution of infarcts of the patients who are studied (cf. [Kimberg et al., 2007; Rudrauf et al., 2008] ). The last effect may seem unintuitive, but can be derived from first principles: we have no power to detect effects in areas that are never (or always) injured in our population. On the other hand, we can detect effects with a relatively small sample group of individuals if the critical area is damaged in half the population. In sum, if no or relatively few patients have damage to a given area, it is impossible to determine the probability that damage to that area would affect performance on the studied task. Unfortunately, prior attempts to model power with continuous behavioral measures and lesion-symptom mapping (e.g., Gl€ ascher et al., 2009) have focused exclusively on the incidence of injury without regard to the behavioral effect size. In the terminology of Faul et al. [2007] , this prior approach models the group size allocation ratio (e.g., incidence of a region being injured) but does not model spatial variations in the effect size. The premise of lesionsymptom mapping presumes that the effect size varies, with some areas being involved with a task while other brain regions are not required. Here we use our observed pattern of both lesion incidence as well as behavioral deficits to provide a more refined power analysis.
In this article, we examine the potential impact of these variables for testing hypotheses about brain-behavior mapping, illustrated with lesion-deficit mapping studies of auditory word comprehension. We test three hypotheses concerning whether statistically significant associations identified between brain regions and acute deficits in spoken word comprehension depend on (1) the imaging sequences (DWI only or DWI plus PWI) used to define the "lesion," (2) the timing of measurement of word comprehension, and (3) the power of the study. Results have implications for interpreting other lesion-symptom mapping studies, as well as for understanding neural regions normally critical for auditory word comprehension.
MATERIALS AND METHODS
We report a retrospective analysis of prospectively collected data. The data were collected from 191 patients enrolled in a study of language processing in adult patients with acute ischemic left hemisphere stroke. Patients were enrolled at Johns Hopkins Medicine (Johns Hopkins Hospital or Johns Hopkins Bayview Medical Center). Mean age was 60.2 (SD 14.7) years. Mean education was 12.3 (SD 3.3) years; 49% were female. Additional inclusion criteria were right-handed, native English speaker, able to provide informed consent, or indicate another to provide informed consent. Exclusion criteria were previous neurological disease affecting the central nervous system, uncorrected hearing or visual loss, impaired level of consciousness, or ongoing sedation. All patients were enrolled within 48 h of symptom onset and had language testing within 24 h of MRI scan.
Testing of Auditory Word Comprehension
The test of auditory word comprehension was identical across the two sites, and consisted of a spoken word/picture verification test in which each of the 17 items was presented once with the target (e.g., goat/goat), once with a semantic foil (e.g. goat/cow) and once with a phonological foil (e.g., goat/coat) [Breese and Hillis, 2004] . The patient was asked, "Is this a ____" and had to respond yes or no verbally, or by pointing to the word "yes" or "no," or by nodding/shaking the head, whichever was the most reliable response of affirmation or negation. That is, because some patients could not speak or perseverated on "yes" or "no" in speaking, we determined their most reliable response to simple yes/no questions (e.g., "Is your name John?") prior to administration of the word/picture verification test. To obtain credit for understanding the item, the patient had to accept the correct response and reject both foils. A subset of patients (n 5 73) were tested twice: once within 48 h of onset (Time 1) and once at 3-5 days post onset (Time 2). Patients were not tested at time 2 (or we did not include their data) if they (1) had a recurrent stroke or extension of the stroke or area of hypoperfusion; (2) were discharged from the hospital; or (3) declined to be tested.
Imaging
Sequences included the following: T2 and FLAIR to exclude old lesions, DWI and Apparent Diffusion Coefficient (ADC) to identify the acute structural lesion (area of dense ischemia/infarct), and PWI. Single-shot echo planar images with full-brain coverage were obtained in transaxial slices parallel to the AC-PC line. DWI trace images were acquired using a multislice, isotropic, single-shot EPI sequence, with b max 5 1,000 s/mm 2 , 230 3 230 mm field of view, 192 3 192 matrix, TR/TE of 10,000/120 ms, and slice thickness of 5 mm. DWI b0 images were also acquired using the same parameters for normalization (see below). For PWI, single-shot gradient echo EPI perfusion images (TR/TE of 2,000/60 ms, 5 mm slices) were obtained with 20 cc GdDTPA (Gadolinium) bolus power injected at 5 cc/ s at the start of the scan. Although several hemodynamic maps were constructed from the PWI, for the purposes of this study, we analyzed the time to peak (TTP) maps. Areas of significant hypoperfusion corresponding to dysfunction were defined as areas with >4 s delay in TTP, as this corresponds to areas of dysfunction defined by PET [Zaro-Weber et al., 2010] and as defined by impairment in function [Hillis et al., 2001b; Motta et al., 2015] . All patients also had either acute CT or SWI to exclude hemorrhage. 
Image Analysis
Regions of infarct were drawn on DWI trace images and regions of hypoperfusion were identified on PWI images (TTP maps, co-registered to DWI) using MRIcron (www. mccauslandcenter.sc.edu), by a physician or trained technician who had no knowledge of the behavioral data. A single area of "dysfunctional tissue"-areas of abnormality on DWI and/or TTP-was drawn for each patient. It was necessary to include all areas that were either infarcted (on DWI) and/or hypoperfused (on PWI) in the area of dysfunctional tissue because there is often "luxury perfusion" of the infarct. That is, there is often normal perfusion where there is infarction (as well as hypoperfusion where there is no infarct) in acute stroke. All images were normalized to standard space using SPM12. First, the normalization transforms were computed for the DWI B 5 0 image to a template based on age-matched controls [Rorden et al., 2012] . Then, the normalization parameters were applied to the DWI Trace-based lesion and TTP images. This method takes advantage of the fact that abnormalities visible on DWI Trace images and TTP maps are typically not apparent on DWI B 5 0 images, allowing a normalization that is not disrupted by the abnormal signal caused by the stroke [Mah et al., 2014] . Proportions of damaged and hypoperfused tissue in different anatomical regions included in the JHU-MNI atlas (cmrm.med.jhmi.edu) were calculated for each patient. That is, we identified the percentage of voxels in each anatomical parcel that were affected by stroke. This proportion was entered into our analyses. Associations between behavior and tissue dysfunction (i.e., the association between severity of deficit and percentage of voxels that were damaged in each parcel) were identified using GLM (pooled-variance t test, linear regression), and each analysis only included regions where at least 10 patients had damage/tissue dysfunction. All t scores were transformed to Z scores to aid interpretation (using SPM12's spm_t2z function). The benefit of this is that one does not need to know the degrees of freedom to interpret Z scores. Resulting statistical maps were thresholded to correct for multiple comparisons using 5,000 permutations (one-tailed P <0.05, as we predicted injury would be associated with impairment) using our open source NiiStat (https://github.com/neurolabusc/NiiStat/blob/master/nii_stat_core.m) routines and the methods described by Rorden et al. (2007) .
To compute our power analysis, we used the observed correlation (r) between proportion of injury in each region of interest to the initial comprehension test. Combining this with the given statistical threshold (here we set the threshold of Z to 3.5, inferred from the P < 0.05 controlling for multiple comparisons using permutation thresholding), we can estimate the power for every region of interest, which is the number of participants that would be required to replicate our findings in a given proportion of studies. Here, computed power for proportion of studies set to 0.6, so that in cases where there is a real effect of the observed magnitude one would detect it 60% of the time in each region. One wrinkle for lesion symptom mapping studies is that we need to control for multiple comparisons Power map for identifying brain regions (from the JHU atlas) involved with auditory comprehension using lesions (as identified from the DWI scans). The colors reveal the sample size required to exceed Z 5 3.5 in 60% of the replication studies. This map reveals maximal power in the center of the middle cerebral artery territory. [Color figure can be viewed at wileyonlinelibrary.com] r Lesion Symptom Mapping r r 2993 r across thousands of voxels or hundreds of regions of interest (which makes our alpha more extreme) and the fact that this threshold will actually be modulated for our sample size. This latter fact would be true even if Bonferroni thresholding were to be applied, as we will tend to analyze more voxels with larger studies (e.g., with small studies, we will have no observations of damage to many voxels, while with larger samples we will have observations of rarely injured regions). However, this effect will become exacerbated with permutation thresholding, as in small studies the number of unique lesion patterns is small. This latter effect largely explains why permutation thresholding provides much more power than Bonferroni thresholding, in particular for small studies ). However, it does pose a challenge to traditional power analyses, as alpha is assumed constant across group sizes. For simplicity, we chose a constant alpha of Z 5 3.5, corresponding to permutation thresholds for our effects with about 191 participants. Consequently, the results of our power analyses should be considered a little conservative for voxels where power is reported below this number and a little liberal for voxels beyond this sample. We do feel that this approach provides a traditional, principled, and justifiable solution to this problem. We appreciate there are other methods for estimating this, for example, using Monte Carlo simulations. However, on inspection, we felt that these approaches would have their own biases with respect to lesion coverage and sensitivity.
RESULTS
In 191 patients, the range of percent correct on the word-picture verification test was 6-100 (mean: 77.0; SD: 29.3). The effective power map for the whole group of 191 patients is shown in Figure 2 . This figure shows the best statistical power to detect lesion-deficit correlations (i.e., the area where the greatest number of patients had damage) was in the left MCA territory, although there were patients with infarcts in other parts of the left hemisphere.
The Influence of Neuroimaging Sequence Used in Analysis
For this analysis, we included a subset of 169 patients who had both DWI and PWI scan at Day 1. Some patients did not have PWI because of (1) lack of IV access, (2) elevated glomerular filtration rate, which increases the risk of a rare dermatological adverse effect of Gadolinium contrast; (3) failure of the power injection or its timing; or (4) When we analyzed the relationship between word comprehension performance and total dysfunctional tissue (abnormal on DWI and/or PWI), four regions survived permutation threshold after correction of lesion volume. Of the four regions, there was only one region where tissue dysfunction was associated with lower performance: left posterior superior temporal gyrus (pSTG; 2Z 5 3.66; Fig. 3 ). For the other three regions (left superior frontal gyrus, left superior parietal gyrus, and left precuneus), tissue abnormality was associated with higher accuracy (Z: 2.56 to 2.77; Fig. 3 ). Note while our one-tailed analysis is designed to identify regions where lesions are associated with deficits, we logically expect both negative and positive Z scores, because patients were selected on the basis of having lesions, not on the basis of having deficits. Specifically, since brain injury is determined by the vasculature involved, a brain territory not involved with the task often appears to show a paradoxical reverse correlation: where brain injury at this location predicts the absence of impairment. Obviously, injury to these regions does not imply better performance than healthy controls; it does suggest that injury to these regions leads to less impairment than damage to other territories. The results confirm that some lesions are associated with impaired auditory word comprehension (pSTG), while others are associated with relatively spared auditory word comprehension. Table II for Z scores for each region. Right panel: Areas where the number of voxels with tissue dysfunction (defined by DWI/PWI abnormality at Time 2) is significantly associated with lower accuracy on auditory word comprehension (defined by performance at Time 2). See Tables I and II When we analyzed only DWI (structural lesion) for the same 169 patients, three regions survived threshold, and these were all associated with higher accuracy in word comprehension: left superior parietal gyrus, left superior occipital gyrus, and left cuneus (Z: 2.54 to 3.32; Fig. 4) . No areas were associated with lower accuracy in word comprehension using DWI alone. These results confirm that auditory word comprehension scores in the first 48 h after stroke are more strongly associated with the entire area of dysfunctional tissue (infarcted or significantly hypoperfused) than with the infarct itself.
The Influence of Time at Which Performance is Evaluated
These analyses included the subset of 73 patients who had language testing at Time 1 and Time 2 (3 to 5 days after onset of stroke). Initially, we analyzed the results as in previous analyses, but no areas survived threshold after correction for lesion volume. Therefore, to illustrate the effect of time poststroke on lesion-deficit correlations, we ran the analyses without correction for lesion volume (but still correcting for multiple comparisons). Using the Time 1 DWI scans (infarct), zero regions survived permutation threshold with language testing at time 1, and five regions survived threshold with language testing at time 2. Figure  5 shows the areas where more voxels with structural lesion (defined by DWI at Time 1) are associated with lower accuracy on auditory word comprehension (defined by performance at Time 2). Areas include left middle frontal gyrus, left middle occipital gyrus, left posterior corona radiata, left posterior thalamic radiation, and left occipital lateral to ventricle. As we did not correct for lesion volume, this analysis may reveal areas where extent of structural lesion is associated with lower performance.
We also evaluated the lesion defined by total area of dysfunction brain tissue (abnormal on DWI and PWI). For this analysis, 63 patients had both DWI and PWI scans at Time 1 and language testing at Time 1 and Time 2. Figure  6 (left) and Table I show the areas where more voxels with tissue dysfunction (defined by DWI/PWI abnormality at Time 1) is associated with lower accuracy rate on auditory word comprehension (defined by performance at Time 1), again not correcting for lesion volume due to relatively small number of patients. Twelve regions survived threshold at Time 1. Figure 6 (right) and Table II show the areas where more voxels with tissue dysfunction (defined by DWI/PWI abnormality at Time 1) is associated with lower accuracy on auditory word comprehension defined by performance at Time 2, just 3 to 5 days later. Twenty regions survived threshold using Time 2 language testing. Again, this analysis may reveal areas where extent or volume of tissue dysfunction is associated with lower performance.
The Influence of Number of Patients and Distributions of Their Lesions
Here we compare results for the VSLM using structural imaging (infarct on DWI) in all 191 patients at Day 1 to the same analysis carried out in a smaller number of patients (the 73 who had testing at Time 2). Figure 7 shows the area where the number of voxels with structural lesion (on DWI) was significantly associated with higher accuracy on auditory word comprehension at Time 1 after correcting for lesion volume and multiple comparisons.
Regions include left superior parietal gyrus, left superior occipital gyrus, and left cuneus. There were no areas where damage was significantly associated with lower accuracy. In contrast, as noted above, when we ran the same analysis on the 73 patients with testing at Times 1 and 2, no areas survived threshold after controlling for lesion volume and multiple comparisons. Because there could be differences between patients who had Time 1 and Time 2 testing and those who had only Time 1 testing, we also ran the same analysis with a random subset of 100 patients from the total set of 191 patients who had only time 1 testing. Again, we found that no areas survived threshold after permutation correction for multiple comparisons and after controlling for lesion volume. In contrast, identical areas were identified when we ran the same analysis (using DWI scans only) on the subset of 169 patients who had both DWI and PWI at Time 1 (Fig. 4) . That is, there was no difference in results when 191 patients were included versus when 169 patients were included, but there was a large difference in results when only 73 patients or a subset of 100 from the 191 were included.
DISCUSSION
Here we confirmed that lesion-deficit mapping is influenced by how "lesion" is defined (on which imaging sequence/s), time of testing, and number of patients. Most lesion-symptom mapping studies map level of performance of patients (measured at a variety of times postonset of stroke) to the structural lesion. We showed that, at least in the acute stage, different results are obtained if one uses structural imaging alone (DWI, which is sensitive to dense ischemia/infarct in acute stroke), versus if one also uses sequences that show the entire area of dysfunctional tissue (hypoperfused and/or infarcted). In our study, pSTG, which is typically considered important in word comprehension [Hart and Gordon, 1990; Naeser et al., 1987; Selnes et al., 1983] was associated with auditory word comprehension performance only when we evaluated the entire area of dysfunctional tissue (using both DWI and PWI). In contrast, when we evaluated only DWI in the same patients, no areas were identified where ischemia was significantly associated with impaired performance, although three areas were identified where ischemia was associated with better performance on auditory word comprehension-all areas in different vascular territories than pSTG. This result can be understood as showing that when the lesion is somewhere other than in the distribution of left inferior division left MCA (which supplies pSTG), auditory word comprehension tends to be preserved. We used dynamic-contrast (bolus-tracking) PWI, but similar results have been shown in small studies of acute aphasia using CT perfusion [Croquelois et al., 2003 ] and studies of chronic aphasia using arterial spin labeling perfusion MRI [Love et al., 2002; Richardson et al., 2011] .
We also illustrated that results obtained may be influenced by the time post-onset at which behavior is measured, even if the lesion has not changed and performance is measured just a few days later. For the subset of patients included in the study, the lesion did not change from time 1 to time 2 (as confirmed by Time 2 imaging), but performance changed, yielding different results. Although these results were obtained in the acute stage of stroke, similar (although perhaps less dramatic) changes in level of performance can be seen after 6 months poststroke, particularly when patients are involved in rehabilitation. Different results will be obtained before and after recovery or rehabilitation.
Finally, we show that the number of patients included in the study can substantially influence the number of areas where damage is significantly associated with the deficit. While this conclusion seems trivially obvious, many studies do not adequately consider the power required to draw valid conclusions. It is not only the total number of participants that is important but also the distribution of their lesions. One can only evaluate the role of areas where a sufficient number of people have, and do not have, a lesion. Studies that include a large number of patients with and without damage to the regions of interest will provide the most reliable results.
Our penultimate comparison (showing the influence of time) also shows, indirectly, the importance of controlling for lesion volume. In this analysis of 73 patients, no areas survived after controlling for lesion volume, but 12 to 20 regions (depending on the timing of behavioral testing) survived when we corrected for multiple comparisons, but not for lesion volume. Some (or all) of the areas in Tables I  and II may simply be associated with larger lesions-and larger lesions are associated with more impaired auditory word comprehension. For example, insular lesions are particularly associated with larger lesions because the insula is infarcted in the majority of stroke due to occlusion of the left MCA or internal carotid artery [Kodumuri et al., 2016] .
Many other variables can influence the results of lesiondeficit association studies, such as the atlas or parcellation map used to evaluate the association, the size of the regions or voxel clusters examined, and the methods used for analysis. These variables include registration method, statistical tests, method of correction for multiple comparisons, and the variables that are controlled (including lesion volume). A range of performance on the experimental task is also essential if performance is treated as a continuous measure. Otherwise, tests that evaluate dichotomous associations are more appropriate (see Crinion et al. [2013] ; Rorden et al. [2007] ; Rorden et al. [2009] for discussion of these issues).
We have illustrated that it is important to consider not only the imaging sequences used to identify the "lesion," but also the timing of behavioral testing with respect to stroke onset when carrying out VSLM or other lesionsymptom mapping. We used only one task (word-picture verification), but the principles should apply to any behavior that might change over time after stroke. While most patients improve over time, 20 to 25% actually show continued decline in function after stroke [Dhamoon, 2016; Dhamoon et al., 2009 Dhamoon et al., , 2010 Levine et al., 2015] . Demographic variables that influence recovery [Hope et al., 2013] or decline [Dhamoon et al., 2012] after stroke, and their interaction with time, might also influence results of lesion-symptom mapping.
While lesion studies are invaluable to complement functional imaging studies, results need to be interpreted in the context of the sequences used to identify the "lesion," the time at which behavior is measured after the lesion, the power to detect the role of regions of interest in the behavior, and the demographic and imaging variables that are controlled. A recent study indicates that for mapping language, resting-state connectivity between homologous regions can also complement information from the lesion itself in predicting task performance, although the same was not found for mapping motor function [Siegel et al., 2016] .
Limitations of our study include the fact that we did not evaluate the contribution of structural or resting-state connectivity (as relatively few of our patients in this study had resting-state data). Future studies will test the hypothesis that damage to connections to the pSTG produce similar deficits as dysfunction of pSTG itself. We will also evaluate areas where damage is associated with deficits in auditory word comprehension at 6 and 12 months poststroke in the same patients.
We used performance on auditory word comprehension merely as the task to illustrate the influence of variables such as time and imaging sequence. Nevertheless, results also reveal areas critical for word comprehension. Only using the total area of dysfunctional tissue allowed us to identify voxels associated with more impaired performance on word comprehension, after correcting for lesion volume. All the analyses that revealed areas where the number of affected voxels was associated with lower accuracy at Time 1 or Time 2 showed the left STG or pSTG to be among the most strongly (or only) associated region. Left pSTG has been identified as critical for word comprehension in both acute and chronic stroke (Hart and Gordon, 1990; Hillis et al., 2001a,b; Naeser et al., 1987; Selnes et al., 1983) . It seems plausible that DWI plus PWI abnormality in the acute stage reveals the area responsible for the acute deficit (indicating the area is normally associated with the auditory word comprehension), while structural imaging in the chronic stage reveals the areas that, when damaged, are associated with failure to recover the function. However, pSTG seems to be both: the area where acute dysfunction causes impaired word comprehension and the area where structural damage impedes recovery of word comprehension. Therefore, while we have shown the influence of imaging and time variables, at least some areas may be robustly associated with a deficit, independently of these variables.
